Diosgenin accumulation in cell suspension cultures of Dioscorea zingiberensis C. H. Wright was enhanced by treatment with saccharide elicitors from its endophytic fungus Fusarium oxysporum isolate Dzf17. The crude oligosaccharide was prepared by partial acid hydrolysis of the isolated Dzf17 fungal cell wall fragments. Optimal elicitation of diosgenin production by the isolated Dzf17 oligosaccharide in cell suspension culture was achieved when the oligosaccharide was added to the medium at a concentration of 30 mg/L after 16-day's continuous cell suspension culture, and the cells were cultured for another 8 days before harvesting. By using these optimal conditions, the diosgenin yield of the cultured cells reached its maximum of 5.25 mg/L, which was over a three-fold increase.
Dioscorea zingiberensis
C. H. Wright (Dioscoreaceae) is a traditional Chinese medicinal herb, which is indigenous to the south of China [1a] . The rhizomes have a high content of diosgenin, which is a natural source of semi-synthetic steroids, such as corticosteroids, sex hormones (e.g. progesterone) and other steroidal drugs produced by the pharmaceutical industry [1b] . A major source of diosgenin is D. zingiberensis, which has caused its availability as a natural resource to decrease rapidly. Agricultural production of D. zingiberensis requires 3-4 years from seedling to mature rhizome harvesting during which time plant growth is highly susceptible to a number of environmental factors, as well as occupying large areas of cultivated land. D. zingiberensis cell culture has been exploited as a biotechnological alternative for more efficient and controllable production of diosgenin [1c] .
In order to improve the yield of secondary metabolites of plant cultures, addition of elicitors has been verified as an alternative method. There are many reports about elicitors, especially fungal ones, which can affect growth and secondary metabolism of plant cultures. Fungal elicitors included living fungi (e.g. mycelia and spores), autoclaved mycelia and spores, fungal filtrates, crude extracts of mycelia, fungal cell wall components obtained after acidolysis, and fungal peptides and proteins (e.g. hydrolase) [1c-1e].
Endophytic fungal research has become a hotspot in recent years, mainly because of the valuable metabolites with multiple biological activities [2a-2c] . Whether fungal endophytes can also be used as elicitors to improve the growth and secondary metabolite biosynthesis of their host plants should be an interesting subject. The objective of this investigation was to study the effect of the oligosaccharide elicitor from endophytic Fusarium oxysporum Dzf17 on cell growth and diosgenin production in suspension cultures of its host plant D. zingiberensis.
The time courses of cell growth and disogenin production without elicitation in D. zingiberensis are shown in Figure 1 . During the first 8 days, biomass dry weight and diosgenin yield increased slowly. Then cells entered the exponential growth phase (day 12-20), while the maximum biomass of 2.05 g/L NPC Natural Product Communications Cul t ur e t i me ( was obtained at day 20. From day 20 to 24, the biomass was in the stationary phase, and then had a slight decrease. While diosgenin yield also had the same trend as the cell dry weight, its maximum 1.35 mg/L (0.066% dw) appeared around day 24, four days after the maximum cell dry weight. Thus, day 24 was a suitable time for harvesting D. zingiberensis cultured cells to produce diosgenin.
Four kinds of saccharide elicitors prepared from the fungus isolate Dzf17 (F. oxysporum) at 30 mg/L were added to the medium on the 16 th day, and then incubated for another 8 days in cell suspension cultures of D. zingiberensis (Table 1) . Only the mycelial oligosaccharide had a promotion effect (3.40 g/L) on the cell growth compared with that of the control (3.01 g/L), whereas the other preparations had either no or negative effects. The mycelial oligosaccharide also showed a significant effect on diosgenin production of the cells, with the diosgenin yield increasing by more than 3-fold (5.22 mg/L vs. 1.60 mg/L). In order to determine the optimal conditions to elicit the maximum dry weight and diosgenin yield in D. zingiberensis cell suspension cultures, the Dzf17 mycelial oligosaccharide that showed the most effective stimulating activity on diosgenin accumulation was chosen for further optimization experiments. Mycelial oligosaccharide elicitor, at various concentrations (0, 5, 10, 20, 30, 40 mg/L), was added to the medium at days 12, 16 and 20, and then incubated for another 12, 8 and 4 days, respectively. Table 2 shows the dry weight and diosgenin yield of the cells fed with oligosaccharide elicitor on different days of the culture period. The results indicated that addition of the oligosaccharide on day 12 was the optimal time for enhancing the cell growth. For each treatment, the maximum dry cell weight occurred when oligosaccharide concentration was 20 mg/L. For diosgenin production, addition of the oligosaccharide on day 16 was the optimal time, resulting in a disogenin yield of 5.25 mg/L vs. 1.62 mg/L when oligosaccharide was added at 30 mg/L. Based on the above results, the mycelial oligosaccharide was added at 30 mg/L to the medium in suspension cell culture on day 16 after inoculation. The time course of diosgenin yield of the suspension cultured cells is shown in Figure 2 . Eight days after treatment, the diosgenin yield (5.21 mg/L) reached its maximum. Then it decreased to 4.71 mg/L after an additional 2-days co-culture. Thus, 24 days was also a suitable time for harvesting D. zingiberensis cultured cells to produce diosgenin by the addition of mycelial oligosaccharide to the medium at a concentration of 30 mg/L on day 16 after inoculation. The results from the present study show that the oligosaccharide from the endophytic fungus F. oxysporum Dzf17 stimulated both growth and diosgenin production in cultured cells of its host plant, D. zingiberensis. There have been previous reports about elicitation of plant secondary metabolite production by oligosaccharides from either other plants or fungi [1d,1e,3a,3b] . However, there are few reports about the effects of endophytic fungi on the secondary metabolism of their host plants [3c] . From the results, mycelial oligosaccharides of the fungus Dzf17 had good effects on diosgenin accumulation of its host plant, although the elicitation mechanism was not clear. Combined with the previous studies [3a,3b] , we postulated that the mycelial oligosaccharide might be a molecular signal in the biosynthetic pathway of diosgenin. In this study, we performed a preliminary screen for elicitors in an attempt to increase the diosgenin yield of D. zingiberensis cultured cells. As the oligosaccharide was a mixture, further separation and identification of the bioactive monomers are necessary. The stimulating effects of the oligosaccharide from the fungus Dzf17 observed in our D. zingiberensis cultured cells may be useful for the production of diosgenin in the future. It also provides evidence for understanding the co-evolution relationship between the endophyte and its host plant.
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Dioscorea zingiberensis cell suspension culture:
Suspension cultured cells of D. zingiberensis C. H. Wright were established from root-derived callus growing on MS medium [4a] using 3% sucrose along with 6-BA (1.0 mg/L) and NAA (0.5 mg/L). Cultures were kept in 250 mL Erlenmeyer flasks with 50 mL medium inoculated with 1 g fresh cells every 24 days. Flasks were incubated on a rotary shaker (120 rpm) at 23°C in the dark. All the experiments were carried out three times, each with three replicates.
The fungal endophyte Fusarium oxysporum Dzf17:
An endophytic fungal isolate Dzf17 was isolated from healthy rhizomes of wild 5-years-old Dioscorea zingiberensis collected from Shaanxi Province in the northwest of China. The plant was identified by its morphological characters as well as additional confirmation from its internal transcribed spacer (ITS) rRNA gene sequence analysis, which gave a 100.0% sequence similarity to Fusarium oxysporum (EF495237), according to our previous method [4b] .
The fungus has been deposited as EU543260 at GenBank (http://www.ncbi.nlm.nih.gov). The living culture has been deposited under the number CGMCC 2472 in the China General Microbiological Culture Collection Center (CGMCC). It is also stored presently both on PDA slants at 4°C and in 40% glycerol at -70°C in the Herbarium of the China Agricultural University.
Preparation and application of oligosaccharide and polysaccharide elicitors:
Two to three agar plugs with F. oxysporum Dzf17 mycelia were transplanted and grown in a 1000 mL Erlenmeyer flask containing 300 mL of potato dextrose broth (PDB). All flasks were incubated at 150 rpm on a rotary shaker at 25°C for 7 days. A total of 6 L of fermentation broth was obtained. Mycelia were collected by filtration and washed twice with deionized water, then lyophilized.
The polysaccharide from the mycelia was prepared by the modified method described by Ayers et al. [4c] . About 98.25% of this material was anthronepositive carbohydrate, as determined by colorimetry of anthrone-sulfate with glucose as standard. The polysaccharide from the filtrate medium of Dzf17 was precipitated by using 95% ethanol by the modified method described by Anderson [4d] . About 98.85% of this material was anthrone-positive carbohydrate. The materials were stored as solutions at -20°C, and filter sterilization before use.
The oligosaccharide of mycelia and filtrate was prepared by the modified method described by Sharp et al. [4e] . The polysaccharide from either mycelia or filtrate was placed into a glass bottle treated with 2 mol/L trifluoroacetic acid (TFA) at 85°C for 2.5 h in a water bath. The bottles were shaken every half hour and placed on an ice bath at the end of this period. The insoluble debris was separated from the soluble 1462 Natural Product Communications Vol. 4 (11) 2009 Zhang et al.
solution by centrifugation (8,000 g). The filtrate was concentrated at 45°C under vacuum, then diluted in 100 mL water, neutralized with 1 mol/L NaOH, and finally bought to 300 mL with water. The values of anthrone-positive carbohydrate were 98.50% and 99.28% for oligosaccharide from mycelia and filtrate, respectively. They were stored as solutions at -20°C, and filter sterilized before use.
Optimization of elicitation conditions included saccharide screening and the addition time of 30 mg/L to the medium. The mycelial oligosaccharide from F. oxysporum Dzf17 was added to 12-, 16-, and 20-days-old D. zingiberensis cultured cells at final concentrations of 0, 5, 10, 20, 30, and 40 mg carbohydrate equivalent per L. The cells were subsequently treated for 12, 8 and 4 days, respectively. Cell cultures received the same volume of sterile distilled water as the control.
Determination of cell dry weight and diosgenin yield:
The biomass was measured on a dry weight (dw) basis after the suspension cells had been harvested by filtration under vacuum and lyophilized to a constant weight. Diosgenin extraction and determination was carried out as previously described [5] . Briefly, 200 mg of powdered dry cultured cells was hydrolyzed at 80°C in a water bath with 15 mL of 2 mol/L sulfuric acid in 70% isopropanol for 7 h, then 15 mL of deionized water was added, and the obtained solution was extracted four times with nhexane. The combined n-hexane solution was washed twice with 1 mol/L NaOH, then twice with distilled water. The solution was concentrated to dryness under vacuum. The extract was dissolved in acetonitrile and filtered through a 0.45 μm filter before analysis. A high performance liquid chromatography system, which consisted of two LC-10ATvp pumps and a SPD-M10Avp diode-array detector (Shimadzu, Japan), was employed. A reversed-phase Agilent TC-C18 column (250 mm × 4.6 mm i.d., particle size 5 μm) was used for separation by using a mobile phase of acetonitrile/water (90:10; v/v) at a flow rate of 1 mL/min at ambient temperature, and a Chromato Solution Light Chemstation for LC system was employed to acquire and process chromatographic data. The injection volume was 10 μL. Changes in absorbance at 208 nm were recorded. The peak area was calibrated to diosgenin content with a chemical standard (Sigma).
